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[57] ABSTRACT 

An intraocular prosthesis (56) for implanting in an annu- 
lar void extending radially into the tissues of the eye. 
The prosthesis is a circular, transparent, elastomeric 
optical element (57) having a peripheral edge and a 
non-rigid or flexible porous skirt (68) which extends 
radially from the periphery of the element. The skirt 
encircles the element and is positioned to extend radi- 
ally into the void. An annular, flexible porous portion 
(68) having a pore size in the range of about 15-90 
microns, and preferably about 60 microns, is included 
with the skirt. The porous portion surrounds the ele- 
ment and is disposed in contact with the tissues of the 
eye surrounding the void to allow fibrous growth into 
the pores of the porous portion. A plurality, preferably, 
six, spoke-like, porous extension (54) may be included. 

15 Claims, 4 Drawing Sheets 
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bidden" corneal disorders are now being grafted suc- 
INTRAOCULAR PROSTHESES cessftilly. 

Although penetrating keratoplasty is quite successful, 
CROSS REFERENCE TO RELATED several factors can compromise the success of any graft 

APPLICATIONS 5 These include lid abnormalities, tear dysfunction states, 

Tins is a continuation-in-part of copending U.S. pa- ~»* fo ™ s of conjunctival mflarnmation, trigemi- 
tent a^phcation Ser. No. 07/070,783, filed July 7, 1987, **\ dysfunction and neurotrophic keratitis, stromal vas- 
and hereby incorporated by reference, now U.S. Pat culanzation, irregularities or extreme thinning of the 
N 4 865 601 stroma at the proposed graft-host junction, severe struc- 

■ ' ' 10 turai alteration to the anterior segment, active microbial 

BACKGROUND OF THE INVENTION or inflammatory keratitis, uncontrolled glaucoma and 

^hven^ to intraocular optical lenses. When repeated grafts have failed, it is possible in an 
More particular this invention relates to a prosthesis for otherwise hopeless case to restore some vision by insert- 
replacing a part of the cornea of the eye, which has *g * keratoprosthesis. 

suffered for example several corneal damage, and re- Initially the keratoprothesis included ;a rigid, fenestra- 
fates to a prosthesis for replacing the posterior lens of ted, supporting plate with a removable threaded hard 
the eye which has variable power. OP*"* 1 cylinder. The fenestrations or openings were to 

2 Prior Art and General Background - n P ennit ingrowth of connective tissue and improve nutn- 

There are many cases of corneal blindness, caused by tion of the anterior corneal layers. Advances in this 
severe alkali burns, immunological disorders (e.g. Ste- particular art led to a mushroom shaped transcomeal 
vens-Johnson syndrome) cicatrical mucous membrane keratoprothesis, such as that described in U.S. Pat No. 
pemphigiod, or severe dry eyes where regular kerato- 4,470,159 to Peyman issued on Sept. 1 1, 1984. However, 
plasty is not practical or has repeatedly failed. These 25 posterior fibrous coverings tend to extend over the 
corneas are often grossly opague and densely vascula- optical portion, thus clouding of vision or even blind- 
rized with uneven thicknesses, associated with dense ness may result, and inadequate anterior anchoring and 
anterior and posterior synechiae, shallow or flat ante- ingrowth persists, and, although some prosthesis have 
rior chambers and cataracts or aphakia. In these situa- remained successfully in place for years, others have 
tions only replacement of the cornea by a penetrating 30 been extruded in only weeks or months, 
static keratoprosthesis effectively helps the patient. At the present time, the most commonly used pros- 
Current prosthetic designs require living tissue to bind thesis is an implant of a hard solid cylindrical polymeth- 
to, through and around a hard ploymethylmethacrylate ylmethacrylate lens in a flanged tubular element that 
(PMMA) prosthesis. protrudes posteriorly deep into the anterior chamber of 

Keratoconus is a progressive disease of the cornea, 35 the eye and which has biconvex anterior and posterior 
which often results in an outward protrusion of the surfaces, forming a lens of appropriate power. The 
central area of the cornea, causing a thinning and disfig- major complication with implants of this methylmeth- 
urcmcnt of the central cornea tissue Since the cornea is acrylate lens or "button" variety is that a firm bond 
basically a refracting surface for light rays received between the cornea and the implant does not develop, 
from the atmosphere, if the cornea is diseased with 40 and thus no barrier to infection from pathogens, which 
keratoconus, the resulting protrusion or cone distorts seems to occur subsequent to aqueous humor leakage 
the normal refracting of the light rays, causing poor from the anterior chamber around the optical center, is 
visual acuity and distortion. In addition, keratoconus is established, leading to extrusion with resulting endoph- 
often very painful and irritable for the patient. tohalmitis and blindness. Secondary glaucoma may also 

There are two known basic techniques which may be 43 be severe complication with this type of prosthesis, 
used to control or correct keratoconus. A first, more because of the destruction of the outflow tracks. Thus 
conventional technique, such as described in Siviglia, the inability of corneal tissue to adequately infiltrate the 
U.S. Pat. No. 4,601,556 issued on July 22, 1986, is to fit edges of the implant to effect stabilization of the pros- 
the patient with a special contact lens having a back or thesis and prevent aqueous humor leakage is a cause of 
posterior surface, which is specifically designed to per- 50 many failures of these prostheses, 
mit the diseased portion of the cornea to conform itself Attempts have been made to provide a keratoprosthe- 
to the lens surface, resulting in both control of the kera- sis having a softer, more porous substrate surrounding 
toconus disease and improved visual acuity. Obviously, the periphery of the cylindrical lens in the remaining 
if the disease can be successfully controlled or corrected lamellar cornea tissues. For the substrate, the patient's 
using such a special contact lens, a surgical corneal 55 own tooth material, ostcrodentoceratoprostease, was 
transplant can be avoided. However, for those cases in used to provide the supporting structure, 
which the disease cannot be successfully controlled or Attempts have also been made to use a dacron periph- 
corrected using a special contact lens, a surgical corneal eral skirt and supportive ungainal material, which have 
transplant will be necessary. met with some postoperative success. Attempts have 

Keratoplasty or corneal transplantation is a replace- 60 also been made to use a dacron velour skirted implant, 
ment of a partial (lamellar) or full (penetrating) thick- but implants of this type have generally yielded unsatis- 
ness of diseased host cornea with donor tissue. Penetrat- factory results. Perforations have also been replaced 
ing or lamellar keratoplasty may remove either a seg- with radial slits, with gave for some of these embodi- 
ment of, partial keratoplasty, or the entire, total kerato- ments better ingrowth results. However, good long 
plasty, cornea. Improved techniques in cornea preser- 65 term results were only obtained when implantation was 
vation, micro surgery and postoperative management accomplished by a slow surgical procedure requiring 
have greatly increased the prognosis for penetrating three operations, six to eight weeks apart. Although, 
keratoplasty during the past ten years. Previously ,4 for- these offered a slightly better visual field range, the 
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prosthesis basically has a limited field of vision of less the resulting clouding of the element causes eventual 

than fifty percent blindness. 

Attempts have also been made to employ a vitreous It has been found possible to alleviate this condition 

carbon alloplast, which is an inert carbon and "Teflon" by providing a static clear, hard disc having convex 

mixture, as the material for anchoring corneal implants. 5 anterior and posterior surfaces, which is inserted into 

The results, however, have been found less significant. the eye and located in the capsular bag between the iris 

Cardona has also provided an implant having a flexi- and the vitreous body, along with removal of the poste- 

ble supporting plate, which improved the prosthesis nor lens (lensectomy) of the eye. As described in U.S. 

ability to conform to corneal contours. The optical Pat No. 4,615,701, these may be provided with haptics 

cylinder of the Cardona implant is threaded with an or flexible strands, which curve outward from the pc- 

interpigmented cord to reduce glare. Extrusion of this riphery of the lens that may be positioned close to the 

type ofprosthesis has been reduced in patients with thin lens optic for ease of implantation and which are then 

corneas and pore conjunctiva, by having the central 'erased to movc t0 V^mi hmits of the lens cap- 

optical portion pass through the upper eyelid as well. **e, for centration and fixation of the mUaocular lens 

The cental optical element of this tVpe of implant has M for attaching the lens to the ciliary body which encir- 

been softened using a hydrogel disc in the clyindrical cIe * tte lens * . . _ . , 

Stic but witharijdskkt, an example of this being the * some cases the disc is somewhat flexible and the 

hydrogel keratoprosthesb" of Binder (U.S. Pat No. ™* ™? V™ d ? *°™ f ° CJiSsm * contro1 ° v " 

A *oc*?a\ ^ ioc^ u^Anl th~ *„ & e lens by means of the haptics. However, any control 

4 586,929 issued on May 6 1986), having the same an- 2Q over ' q{ ^ fe ^ 

chonng problem previously discussed. ^ f()cussin of ^ lcng tQ re . 

It is also known that polyglycerl methacrylate a ^ ^ ^ ^ ^ * ^ m 

much softer and more hydropbhc polymer than poly- ^ ^ hard ^ditionai refractive lens 

methylmethacrylate, produced little or no implanatory m neces for d vision( ^ ^ hard disc ^ struc . 

changes in the cornea oi - interior chambers. However ^ ^ ade quate for optimum vision only at a single, set 

problems regarding suitable anchonngs still persist focal point 

Non-toxic sikcone-rubber implants have also been Some attempts havc been made t0 provide an intraoc- 
encapsulated, and a ceramic keratoprosthesis having a ^ prosthesis that provides accommodation in re- 
ceramic form of alumina oxide with traces of magne- spQnse tQ contraction ^ relaxation of the ciliary body, 
sium oxide (AI2O3 99.7% MgO 0.3%), which has a high 3Q Accommodation is achieved by the motion of a lens or 
refractive index and high wetability, has been relatively m g^^t 0 f a i ens system, which have been implanted 
successful. However, anchoring the implant poses some m a capsule, alternately toward and away from the 
difficult problems. Even with the use of sutures and fovea. Radially extending struts are provided which are 
cyanoacrylate glue, intermittent leakage of fluid around biased radially inward, as the ciliary body contracts, 
the cylinder has led to infection and extrusion. 35 forcing the lens toward the fovea, so that when the 

Presently keratoprostheses are supported initially by ciliary body is fully relaxed the lens is at its closest 

sutures which are augmented by periosteum, fascia lata, position to the fovea, and, as the ciliary body contracts, 

Tenon's capsule and/or conjunctival flaps. Further, a j t coun ters the bias and causes the lens to move away 

significant amount of all keratoprosthetic operations from the fovea and toward the cornea, 

requires some type of sutury operation, since complica- p or ^ example of a posterior lens of this type having 

tions due to uncontrollable glaucoma, optical over- a jens system implanted in a capsule, see U.S. Pat. No. 

growth, conjunctival retraction, uveitis, retroprosthetic 4,409,691 to C. F. Levy issued on Oct 18, 1983. For 

membranes and endophthalmitis are still prevalent, and another example of an intraocular lens that provides 

the long-term visual acuity drops to little or no light accommodation and response to contraction and relax- 

perception in great than 50% of all the cases. Therefore, 45 a tion of the ciliary body, see for example U.S. Pat. No. 

while the extrusion rates of keratoprosthetic devices 4,373,218 to R. A. Schachar issued on Feb. 15, 1983. 

have dramatically decreased, a successful implant mate- in the Schachar patent is described an intraocular 

rial has not been found, which can mimic corneal prop- lens having a fluid-expandable sack for containing a 

erties enough to allow easy anchoring and adequate fluid. The fluid-expandable sack includes a lens portion 

ingrowth in the eye. Without this, the prosthesis will 50 and a valve portion which extends through the sclera of 

ultimately fail. the eye. The fluid-expandable sack contains a fluid 

For a corneal implant which is entirely embedded in therein for providing the desired index of refraction, 

the cornea and which is not exposed to the atmosphere which may be either a gas or a liquid, and the index of 

nor to the aqueous humus, see U.S. Pat. No. 4,607,617 to refraction of the posterior chamber intraocular lens may 

Choyce issued on Aug. 26, 1986. The corneal implant 55 be changed by adding or withdrawing fluid from the 

allows correction for defects in eyesight normally cor- lens. However, no means is provided for attaching the 

rected by spectacles and contact lens and provides a lens element to the ciliary body and complications such 

surgical alternative to mitigate the defective eyesight. as extrusion, retinal detachment and cystoid macula 

Another type of disease, which may affect an intraoc- edema may still occur, 

ular element of the eye, is cataracts. A cataract is a 60 For additional patents relating to intraocular lens, see 

progressive disease of the posterior lens behind the iris U.S Pat. No. 4,615,701 to Woods issued on Oct. 7, 1986, 

of the eye, causing clouding of the lens or of its sur- U.S. Pat. No. 4,615,702 to Koziol et aL also issued Oct. 

rounding transparent membrane that obstructs the pas- 7, 1986, and U.S. Pat. No. 4,616,700 to Fedorov et al. 

sage of light. Since the posterior lens is basically an likewise issued Oct. 7, 1986. 

element for generating an image by focussing rays of 65 Accordingly, it is an object of the method and appa- 

light through the vitreous chamber and onto the retina ratus of the present invention to provide an improved 

in the back of the eye, which is varied by muscles within keratoprosthesis for the replacement of the diseased or 

the eye, to focus on objects that are close or far away, injured cornea, which method and apparatus differs 
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from prostheses in current use, in that it does not pro- embedded and are not exposed to the atmosphere and 

trade into the inner eye, but rather lies deep in an intra- allow forward progression of fluid by means of their 

lamellar stromal pocket and which is anchored in pores from the anterior chamber of the eye to the sclera, 

placed by a fibrous ingrowth of tissue into an annular thus allowing adequate nutrition of the sclera while 

porous portion forming the periphery of the prosthesis. 5 avoiding degeneration of any remaining corneal stroma 

In accordance with this object, the method and appara- Tissue ingrowth into the pores of the porous portion 

tus of the present invention provides a lens or prosthesis connects and surrounds the prosthesis to the remaining 

having a convex anterior surface and a concave poste- corneal tissues, thus preventing aqueous fluid from leak- 

rior surface, which has an annular porous ingrowth ing past the implant while allowing no direct path for 

skirt extending radially from the periphery of the optic 10 pathogens into the eye. 

which, when optic positioned in. an annular corneal The optical element may include biconvex anterior 

incision extending annularly into the stroma of the cor- and posterior surfaces for replacement of the posterior 

nea, allows fibrous ingrowth of the tissue into the skirt, lens of the eye between the iris and the vitreous body, 

thus anchoring the prosthesis in the sclera. Firstly, a small incision is made. Secondly, the natural 

Further, the method and apparatus may provide 15 lens of the eye can then be removed by any method 
spoke-like porous extensions, which are spaced around such as lensectomy or cryoextraction. Thirdly, the 
the periphery of the skirt and which extends radially prosthesis is inserted through the incision and the open- 
therefrom and which are positioned in tunnels in the ing in the iris and manipulated into the capsular bag. 
stroma of the cornea, which extend through the limbus The removal of the natural lens forms a void in the 
into the sclera for allowing the forward progression of 20 eye which is surrounded by the lens capsule, in which 
fluid from the anterior chamber to allow adequate nutri- the prosthesis may be located, with its annular skirt in 
tion and to avoid degeneration of the corneal connec- contact with the internal surface of the lens capsule (or 
tive tissue and corneal stroma of any re m ai nin g corneal capsular bag). Once the prosthesis has been manipulated 
tissue. into position, the incision may be sutured closed, allow- 

A further object of the keratoprosthcsis is to provide 25 the prosthesis to stabilize in the lens capsule, and to 

a firm bond between the cornea and the prosthesis, so connect to the lens capsule through fibrous ingrowth 

that no aqueous fluid can leak past the implant and jato the pores of the porous portion of the skirt. 

therefore there is no direct entrance for pathogens into „ ,„^,„ 

the eye. A further object of the keratoprosthesis is to BRIEF DESCRIPTION OF THE DRAWINGS 

provide a prosthesis having a similar disposition as the 30 p or a further understanding of the nature and objects 

cornea of the eye, so that the patient may have a greater 0 f tne pre sent invention, reference should be made to 

visual field and physicians may have a larger window tne following detailed description, taken in conjunction 

for inspection on the inner eye. It is still a further object ^ accompanying drawings, in which like parts 

of the keratoprosthesis that no ipithelial cells grow oyer m gi ven ^ reference numerals, and wherein: 

its optic center and that the prosthesis-corneal shearing 35 pj G j ^ a s i de> cutaway view of the eye; while 

force has been eliminated, therefore eliminating extra- pj G 2 is a side, cutaway detail of the eye. 

sion. Another object of the keraprosthesis is that the p IGS 3 m ^ 3A m f ront s id e , cross-sectional 

patient has a better cosmetic appearance. views, respectively, of a first, preferred, exemplary 

A further object of the method and apparatus is to embodiment of the prostheses of the present invention, 
provide a prosthesis lens which may be inserted into the 40 piGS. 4 and 4A are front and side, cross-section 
eye and located in the capsular bag between the iris and y^ws, respectively, of a second, preferred, exemplary 
the vitreous body for replacement of the posterior lens embodiment of the prostheses of the present invention, 
of the eye. Further, it is an object of the invention to pj G 5 ^ a sidCj cutaway vj ew of the eye with the first 
provide a prosthesis for replacement of the posterior embodiment (FIGS. 3 and 3A) implanted, while 
lens of the eye which is flexible and can be placed in the 45 mQ 6 fa a side> cutaway view of the eye with the 
lens capsule, which surrounds the posterior lens of the seCQnd embod i ment (FIGS. 4 and 4A) implanted, 
eye, so that the lens element will change shape in re- 
sponse to ciliary body contraction in a similar manner as DETAILED DESCRIPTION OF THE 
the normal posterior lens of the eye would. PREFERRED EXEMPLARY EMBODIMENTS 

3. General, Summary Discussion of the Invention 50 General, Ocular Background 

In accordance with these objects, the prostheses of ' . 

the present invention provide an elastomeric optical Referring to FIGS. 1 and 2, a cross-sectional view of 

element having an annular skirt which surrounds the the human eye is shown, so that the location and ar- 

periphery of the element. Included with the skirt is an rangement of the interior ocular element of the eye may 

annular porous portion. The optical element is attached 55 be referred to. 

to the skirt by interpenetration of the periphery of the As general background, the eye has a hemispherical 
optical element into the pores of the porous portion. shaped cornea 10, which extends laterally from the 
The optical element may include convex anterior and corneal epithelium 12 to the corneal endothelium 14. 
posterior surfaces for replacement of the diseased or Extending laterally over the anterior surface of the 
injured corneal button of the eye. An annular porous 60 corneal endothelium 14 is a hemispherical shaped mem- 
portion extending radially outwardly to periphery of brane, known as Descement's membrane 16, which 
the skirt is disposed in a lamellar incision which extends separates the body or stroma 17 of the cornea 10 from 
annularly into the stroma of the cornea surrounding the the corneal endothelium 14. 

corneal button which is to be replaced. Surrounding the periphery of the cornea 10 is an 

A plurality of porous extensions, which may be six, 65 annular portion called the limbus 18. The cornea 10 

extend radially outward from the periphery of the skirt along with the limbus 18, are positioned in an opening in 

and are located in tunnels extending radially through the sclera 20, with the tissues of the sclera 20 intercon- 

the limbus into the sclera. The extensions are entirely necting with the limbus 18. 
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Behind the posterior surface of the cornea is the pos- exemplary polyurethane is BPS-300 as supplied my 
tenor lens 22. The lens 22 is positioned in a pocket 23 Mercor, Inc., 2448 6th St., Burkley, Calif. 94710. 
between the iris 24 and the vitreous body 26 of the eye. The polyurethane is preferably tested by two exem- 
Between the iris 24 and the vitreous body 26 an annu- plary analytical methods. A sample of it may be shot 
larly shaped portion known as the ciliary body 28 is 5 through for example a GPC column at 60 degrees cen- 
found. The ciliary body 28 includes the ciliary muscle trigrade using dimethylacetamide with 0.5 percent lithi- 
101, ciliary prosthesis and zonular fibers 29 which inter- umbromide. The sample preferably gives acceptable 
connect with the circularly periphery of the lens cap- pea ^ results, and an infrared spectrum is then taken on 
sule 122 so that the lens may change shape in response another sample to insure a polyurethane linkage finger- 
to ciliary body 28 contraction. 10 print 

Also shown in FIGS. 1 and 2 are lateral rectus 102, ^ 9Jms ^ ar skirt 3 g extends radially from the periph- 
retina 104, anterior chamber 106, fovea 107, choroid ^ - ^ Qf ^ QCular element 32 and encircles the 
108, dural sheath 109, optic nerve 113, bulbar conjunc- element 32 ^ ^^ar skirt 38, may be made of for 
tiva 114, lamina cribrosa 115 ora serrata 117, medial { flurocarbon having a low coefficient of friction 

rectus 11^ cap- M > po lytetrafiuoroethylene. A suitable, thin, po- 

pular bag) 122, lens epitfadnun 125, pigment layer 127, polytetrafiuoroethylene sheet with an average 

Bowman's membrane 128, ciliary processes 129, corne- 1U ' v / ° 

oscieral trabeculum 133, canal of Schlemm 134, and pore size of 60 microns is "Goretex" ob^ed from W. 
sder^so™135 U Qorc s & Associates, Inc., of Flagstaff, Ariz, The 

The function' and interrelationsihp of these compo- 2 0 skirt 38 P^erably has a diameter of for example 18 
nents of the eye are well known and for that reason a millimeters and a thickness of 0 5 millimers. The mate- 
detailed explanation of each component, other than that rial is examined microscopically for clean, inclusion- 
provided, will not be provided herein. Hence, with a free pores, and the matrix tensile strength is measured 
general understanding of the intraocular construction of for minim u m strength. 

the eye, the detailed description of the preferred exem- 25 An annular porous portion 42 is included with the 
plary methods and prosthesis of the present invention skirt 38 and surrounds element 32. As may be appreci- 
may be set forth. ated, the polytetrafiuoroethylene provides the porous 

In general, the prosthesis may be implanted in an portion and in general has for example a pore size of 
annular void, which extends radially into the tissues of 20-90 microns, which have been found suitable for 
the eye generally between the anterior surface of the 30 purposes which are discussed below. The skirt 38 is 
cornea 10 of the eye and the posterior surface of the lens circular and has a central opening 43, in which the 
capsule 122 of the eye. The prosthesis allows for the optical element 32 is disposed, 
replacement of for example a diseased intraocular por- -ph e optical element 32 is permanently mated to the 
tion of the eye which is removed therefrom as discussed 3 g during the formation of the intraocular element - 

in the following. 35 3 o. in general, this is accomplished by centering the 

The prosthesis includes a circular transparent ocular ^ nTUl1flr skirt 3a between a pair of opposed hemispheri- 
element which is elastomeric and preferably clear. The ^ molds> having facing convex and concave surfaces, 
element may be made from any suitable material such as ^ clampmg ^ molds together with the annular skirt 
for example a polymer, with suitable types of polymer 3g ^ wichcd between the molds. A polymerization 
being a hydropmlic urethane, a strong hydrogel/hydro- ^ ^ ^ mtroduced tato ^ 5etween the 

philic urethane copolymer or mterp^netrating network . the porous material 

polymer a strong hydrogel or a ^ophmc s^cone . for fonning the lens The overlapping polymerization 

^rfctt^ ° f -^e, w *<* extends annularly arUd *elner por- 

material that can be cast or formed. ^ ^ ^ ^ 3g fa ^ ^erpenetrate mt0 th e 

First, Keratoprosthesis Embodiment 45 porous material for bonding the optical element 32 to its 

fFIGS 3 3A & 5) skirt 38. 

v ' ' A preferred embodiment for the skirt 38 has an annu- 

Referring to FIGS. 3 and 3A, an embodiment of the ^ portion 44, w hj cn & compressed by any suitable 
prosthesis 30 suitable as a keratoprosthesis is shown. means and ^ends around the skirt 38. The annular 
The prosthesis 30 includes an elastomeric element, 50 QTXion 44 is located radially outward from the inner 
which is generally hemisphencally shaped, having a p criphcry 4* 0 f the skirt 38 and radially inward from the 
diameter generally eight mnlimeters. outer periphery 48 of the skirt 38. 

The hemisphencaUy shaped element 32 mcludes ; a com pressing a portion of the skirt 38, a closed 

convex anterior surface 34 haymg a radius of curvature tinier 44 having a radial thickness of one millime- 

generally for example 7.9 millimeters to insure good 55 P * extends fc ^ 3g 

tear flowand hd closure and a concave posterior sur- J . mncf ^ outCf ripherics ^ 43, H ence, 

face 36. The radius of curvature for the concave poste- oc ™*7 u , * " " " *\ J . A - R flft _ r 
rior surface 36 controls how the power of the optic is stable exemplary dmuum fo * e ^to 38 after 
determined and is dependent upon each patient's eye. compression would be for example a two millimeter 
Preoperative^ the radius of curvature fo/the posterior 60 radial thickness of annular open pore mgrowth space 
surface may be determined for example, by performing 50 which extends radially inward from the outer pe- 
an ultrasound scan and/or evaluating the patient's re- nphery 46 of the skirt 38; a one mdlimeter radial thick- 
fraction and then making a clinical estimate of the ness annular closed pore barrier 44; and a one niillimeter 
proper power of the optic in order to determine proper radial thickness open pore annular bonding portion 52, 
refraction of the eye. 65 which extends radially outward from the inner periph- 

The elastomeric optical element 32 is preferably ery 46 of the skirt 38 and which surrounds opening 43 
made from a hydrophilic, optical polyurethane having a for interpenetration and bonding of the lens element to 
high elastic modulus and tensile strength. A suitable, the skirt 38. 
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Accordingly, the closed pore barrier 44 will prevent tissue surrounding the lamellar incision may then be 

fluid communication between the ingrowth space 50 separated to form an annular void, 

and the open pore annular bonding portion 52. For Again using a knife such as a Gills knife, a plurality of 

exemplary purposes and as may be appreciated, the tunnel incisions equaling the number of extensions 54 

central opening 43 may be formed in the exemplary 5 are cut, which extend radially into the stroma through 

thirteen millimeter diameter skirt 38 by any suitable the limbus and into the sclera for a distance of approxi- 

means, such as for example an eight millimeter trephine, mately one millimeter. Radial scleral incisions are then 

and the pores at a one millimeter radius from the tre- made over the tunnels, and the extensions 54 of the 

phined opening 43 in a one millimet er wide ring out- prosthesis 30 are thus placed into the tunnels except for 

ward may be compressed closed to form the closed pore 10 two extensions 54. 

barrier 44 by using for example a warm press. Hence a suitable space between the prosthesis 30 and 

A plurality of equidistantly spaced, spoke-like exten- the cornea remains, allowing the anterior chamber to be 

sions or haptics 54 may extend radially outward from then entered for removing the corneal button between 

the periphery 48 of the skirt 38. The extensions 54 are the walls of the circular incision. After removal of the 

likewise porous as the ingrowth space 50 and have a 15 corneal button, the two remaining extensions 54 are 

similar pore size of for example twenty-five to sixty then carefully placed in the tunnels, and the anterior 

microns. Preferably, there are six, spoke-like extensions chamber is reformed with healon. 

54, which are spaced equidistant and radiate outward The extensions 54 are then sutured in the limbus re- 

from the skirt 38. & on with a suitable filament such as for example 10—0 

Each haptic 54 may be formed by making suitable 20 nylon- 
radial and arcual shaped cuts in the skirt 38 conjunc- As may be appreciated, the length of the extensions 
tively, thus integrally forming both the skirt 38 and the 54 hel P m placing the extensions in the tunnels, by 
extensions 54. Exemplary, each extension 54 may be lengthening the extensions 54, the extensions are more 
approximately ten millimeters long, for purposes which easily manipulated and placed in the tunnels. All excess 
will be mentioned later, and have a transverse width of extension 54 material, approximately, for example sev- 
for example two inillimeters. en-eight nullimeters, is then cut ofT, and the free ends of 
The keratoprosthesis is preferably formed under suit- extensions 54 thus extend into the sclera a suitable 
able conditions which may include chemical and clean distance, such as for example two millimeters (FIG. 5). 
air hoods, in which the prosthesis is made. The optical - n ^ extensions 54 thus remain in the tunnels unexposed, 
element 32 is preferrably cast in for example Aldrich 30 with their free ends extending into the sclera. 
"Gold Label" dimethyl acetamide on a radially curved a V>™> * e extensions 54 allow forward progression of 
mold in the present of the skirt 38 at generally ninety A«4 b y me *f °f * e P°'f of * e extensions 54, from 
degrees centigrade in a convention oven, which has *f ***** chancer, to allow adequate nutrition of the 
been placed in forced air hood. For obtaining the extra 35 »*» t0 *™ d degeneration of any remaining cor- 
power necessary for an individual patient, the prosthesis ^ om *- ™? P 0 * 10 ? 42 *"* exten " 
optic is then thermoset between two molds of the de- slons 54 .allow fibrous ingrowth of the tissues surround- 
sired radial curvature, which are of for example preci- m « P ortK > n 42 and extension 54 into the pores for an- 

sion cut brass and which are for example nickel chrome chorm ? sklrt » to the Ussue of sclera ™ d ^ 
lated remaining corneal tissue. 

Using for example Gullstrand's miotic eye and the . Further connective tissue ingrowtt i into the exten- 
optical equation for the first forder refraction as a spher- ™** cr f tcs a t ver V c u lear ^Position of the corneal hin- 
ted interface, the parameters may be calculated. Hence, *»» t0 the implant thus seahng the implant into place, 
with allowance for the index of refraction of the intra- Suw * * c mgnwth surrounds he prosthesis no aque- 
ocular element, which may differ from the index of 45 flu ! d ^ leak P f m ^ n0 direCt 
refraction of the cornea, the physical properties or mea- for pathogens mto the eye will exist, 
surements of the intraocular element 30 may be calcu- At may be appreciated, the pore size controls the rate 
lated In calculating these measurements, ultrasound of of ceUinar ingrowth during the postoperative recovery 
the patient's eye gives the internal distances for use in P enod > with the smaller pores generally needing a 
the calculation. T^ese values may then be calculated by 50 longer L p T en0d ° f Z^ 0 Very f f adeqUate Mzi m ' 
hand or by using any suitable means such as a computer f owth « *f e ^ th * ran * e fo f ™ y rang ^ 

which runs a series of iterations on the optic equation * etween Preferably for example 25-90 microns and 
for the first order of refraction at a spherical interface, havc * mean dcviatl0n of ± , tcn mcrot *' A Particularly 
until it generates an inner corneal radius of curvature 8Ultable mean P ore [ or exam P le slxt V microns ' 

that gives the best diopters result. 55 Providing a suitable shortened postoperative re- 

The prosthesis 30 may then be fully equilibrated in cover y Pe™d, while providing adequate skirt body, 
saline and sterilized in hydrogen peroxide before im- Furt ^ a suitable matrix minimal tensile strength 
plantation. would be for example 5000 PSI to insure intregnty of 

For implanting, the patient is anesthetized, a seven the Serial, 
millimeter corneal trephine is centered over the cornea 60 Second, Accommodating, Intraocular Lens 
of the diseased eye, and a circular cornea] incision is Embodiment 
made using the trephine. The corneal incision may ex- _ T __ 
tend as deep as Descemet's membrane. (FIGS. 4, 4A & 6) 

Using a knife such as a Gills knife, a lamellar incision Referring to FIGS. 4 and 4A, a second embodiment 
may be made which extends radially into the stroma of 65 of the prosthesis 56 suitable as a replacement lens for the 
the cornea and annularly around the walls of the cor- posterior lens of the eye is shown, 
neal incision. As may be appreciated, the lamellar inci- The prosthesis 56 includes an optical element 57 hav- 
sion may extend as deep as the limbus. The corneal ing at least one convex anterior 60 and a posterior 62 
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surface The optical element 57 is elastomeric and of a skirt 64. Accordingly, the closed pore barrier 72 will 
suitable material such as the aforementioned hydro- prevent fluid communication between the ingrowth 
philic, optical polyurethane so that it may be varied to space 78 and the open pore annular bonding portion 80. 
focus on objects that are close or far away. For exemplary purposes and as may be appreciated, 

Acc rdingly it will be necessary to decide on the 5 the central opening 70 may be formed in a thirteen 
mean power of the lens preoperatively. This can be millimeter diameter skirt 64 by any suitable means, such 
accomplished, for example, as mentioned above by as for example a nine millimeter trephine, and the pores 
performing an ultrasound scan and/or evaluating the at a one millimeter radius from the trephined opening 
patient's refraction preoperatively and then making a 70, and a one millimeter wide ring outward may be 
clinical estimate of the proper power .of the lens in order 10 compressed close to form the close pore barrier 72 by 
to determine proper refraction of the eye. Hence, the. using for example a warm press, 
optical element 57 is a nonrigid lens, that permits the After forming, the prosthesis 56 may be fully equili- 
corrective power of the lens to be changed after implan- brated in saline and sterilized in hydrogen peroxide 
tation thereof into the eye. before implantation. 

An annular skirt 64 extends radially from the periph- 15 For implanting, the patient is anesthetized, and for 
eral edge 66 of the optical element 57 and encircles the example a small three-four millim eter incision is made, 
element 57. The annular skirt 64 may be a fluorocarbon The pupil is made to dilate with an appropriate percent 
having a low coefficient of friction such as polytetraflu- opthane administered to the anterior eye chamber. The 
©methylene. A suitable form is for example Goretex prosthesis 56 is inserted through the incision the open- 
obtained from W. L. Gore's & Associates, Inc., of Flag- 20 ing in the iris and manipulated into the capsular bag. 
stair, Ariz. The skirt 64 preferably has a diameter of for The natural lens 22 of the eye can be removed by any 
example thirteen millimeters and a thickness of for ex- manner known to those skilled in the art, such as for 
ample 0.5 millimeters. The material should be examined example, phacoemulsification, or extracapsular extrac- 
microscopically for a clean, inclusion free pores, and tion. As may be appreciated, the entire lens 22 is to be 
the matrix tensile strength is measured for minimum 25 removed from inside the capsular bag while leaving all 
strength. <rf the suspensory ligaments or surrounding tissue, zonu- 

An annular porous portion 68 is included with the lar fibers 29 of the ciliary body 28 intact, 
skirt and surrounds element 68. As may be appreciated, As may be appreciated, the removal of the natural 
the skirt material provides the porous portion and in lens of the eye forms a void in the eye surrounded by 
general has a pore size of for example less than 90 mi- 30 the ciliary body, in which the prosthesis 56 may be 
crons, which have been found suitable for purposes located with its annular skirt 64 in contact with the lens 
which are discussed below. capsule 122 which is connected by the zonular fibers 29 

The skirt 64 is rounded and has a central opening 70 to the ciliary body 28 which surrounds the normal lens 
in which the optical element 57 is disposed. of the eye. 

The optical element 57 is permanently mated to the 35 Once the prosthesis 56 has been manipulated into the 
skirt 64 during the formation of the optical element 57. position, the pupil may be made to contract by using for 
In general, this may be accomplished by centering the example an acetylcholine solution, the anterior chamber 
annular skirt 64 between a pair of opposed hemispheri- washed using for example 0.9% sterile saline solution 
cal molds having facing convex surfaces and clamping and reformed using healon, and the incision may be 
the molds together with the annular skirt 64 sand- 40 sutured closed using a suitable filament such as for ex- 
wiched between the molds. ample a 9—0 nylon. An antibiotic solution is adminis- 

A polymerization mixture is then introduced into the tered under the conjunctiva for purpose of prophylaxis, 
• space between the molds, which overlap radially into for example gentamicin being used for that purpose, 
.the porous material for forrning the lens element. The Thereafter the prosthesis 56 stabilizes and rapidly 
overlapping polymerization mixture, which extends 45 connects to the lens capsule 122, as shown in FIG. 6, 
annularly around the inner portion of the skirt 64, is through fibrous ingrowth into the pores of the ingrowth 
allowed to interpenetrate into the porous material for space 78. Attached to the lens capsule 122 are the zonu- 
bonding the ocular element 57 to its skirt 64. lar fibers 29 which connect to the ciliary body 28 and 

A preferred embodiment for the skirt 64 has an annu- transmit the contraction and relaxation forces of the 
lar portion 72, which is compressed by any suitable 50 ciliary muscle Z02 to the lens capsule 122. Since all 
means and extends around the skirt 64. The annular material is flexible, the prosthesis 56 and its ocular ele- 
portion 72 is located radially outward from the inner ment 57 will change shape in response to ciliary body 
periphery 74 of the skirt 64 and radially inward from the contraction just as the normal lens does, allowing the 
outer periphery 76 of the skirt 64. By compressing a optical element 57 to focus an image through the vitre- 
portion of the skirt 64, a closed pore barrier 72 having a 55 ous chamber and onto the retina in the back of the eye, 
radial thickness of one millimeter may be formed which in a manner similar to the normal lens of the eye. 
extends around the skirt 64 between its inner and outer The ingrowth space 78 allows fibrous ingrowth of the 
peripheries 74, 76. surrounding tissues into the pores for anchoring the 

Hence, suitable dimensions for the skirt 64 after com- skirt 64, 
pression would be a two or three millimeter radial 60 In a similar manner, the pore size controls the rate of 
thickness annular open pore ingrowth space 78, which cellular ingrowth during the postoperative recovery 
extends radially inward from the outer periphery 76 of period, with the smaller pores generally needing a 
the skirt 64; a one millimeter radial thickness annular longer period of recovery for adequate cellular in- 
close pore barrier 72; and a one millimeter radial thick- growth. In general the range for pore sizes may likewise 
ness open pore annular bonding portion 80, which ex- 65 be between 15-90 microns and have a mean deviation of 
tends radially outward from the inner periphery 74 of ± ten microns. Likewise a particularly suitable mean 
the skirt 64 and which surrounds opening 70 for inter- pore size is sixty microns, thus providing a suitable 
penetration and bonding of the optical element 57 to the shortened postoperative recovery period, while provid- 
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ing adequate skirt body. Likewise a suitable matrix Accommodation of the lens focuses incoming light 

minimal tensile strength would be for example 5000 PSI onto the retina. When the choroid and ciliary muscle 

to insure good integrity of the materiaL are relaxed, the parallel light rays from the a very dis- 

A further, exemplary, currently preferred, method of tant object are focused on the retina. The image of the 

implantation is summarized below. 5 object is clear and shows visual acuity is at a m a ximum . 

The patient is anesthetized, and the eye is draped and If the object is brought closer to the eye and the eye 

prepped. A Basic Salt Solution I.V. is started with 0.30 remains unchanged, the light will be focused behind the 

units/cc Heprin. retina. The rays of light, in being intercepted by the 

Then a 3-4 mm incision is made superiorly with a retina, would form a blur instead of the image of a sharp 

superblade, followed by a small incision in the anterior 10 object. Since the distance between the lens and retina is 

capsule using for example a cystome. The lens nucleus is fixed in the human eye, the refractive power of the lens 

phacoemulcified with the cortex removed by irrigation must increase to focus the light onto the retina, 

and aspiration. When the prosthesis is placed in the lens capsule, 

The new intraocular prosthetic lens is rolled and after removal of the lens interior, the prosthesis fills the 

inserted into the capsular bag, with forceps holding 15 equatorial diameter of the capsular bag so that the in- 

onto one end or a soft intraocular lens (IOL) inserting growth material touches the bag along the entire equa- 

device (sometimes referred to as a "shooter".) Upon torial circumference. The ingrowth material allows 

release of the forceps or soft IOL inserting device, the fibrous ingrowth of the surrounding tissues into the 

intraocular prosthesis begins to unroll in the bag. pores securely anchoring the prosthesis in the capsular 

A blunt ended positioner is used to gently check that 20 bag. The ingrowth may be attributed to the pressure of 

the prosthesis was completely unfolded in the bag and the skirt against the equator of the capsule slightly injur- 

centrally positioned. Healon is used to maintain the ing, aggravating or inflaming the germinative eipthelial 

anterior chamber during the operation. cells and the lens capsule itself in that area. The elastic 

The wound is closed with for example 10 — 0 nylon properties of the capsule might also enhance the degree 

sutures. A subconjunctival injection of "Decadron" and 25 to which tissue ingrowth occurs. Once cut for entry 

"Garamycin" is given, before the patient is returned to into the lens, the anterior capsule, lined with eipthelial 

recovery. cells, retracks slightly and lays more closely adjacent to 

The lens forms one of the refractive media of the the skirt of the intraocular lens (IOL). The lens capsule 

eyes. It is perfectly transparent and situated between the is generally considered to be a non-cellular laminated 

iris and vitreous body of the eye. Its function is to fine- 30 membrane composed mainly of an insoluble protein 

focus light from objects at variable distances onto the with about 10% carbohydrate which is similar but not 

retina. The refractive power of the lens is dependent on identical to collagen. Yet, the lens capsule is not an inert 

its shape, power of curvature and refractive index. membrane. Even after removal of its eipthelium the 

The interior of the lens is composed of two areas (the capsule shows glycolytic activity. It has been docu- 
nucleus and the cortex) of different optical densities 35 mented that when inert implants are placed in contact 
although there is no sharp boundary between these with tissue a specialized form of wound repair, encapsu- 
portions. The lens is completely surrounded and en- lation and organization, occurs. The specialized form of 
closed by a membrane called the lens capsule. The cap- wound repair consists of the development of granula- 
sule is elastic and possesses a fine fibrillar structure. It is tion tissue and secretion of collagen. It can be initiated 
composed of a basement membrane lined interiorly with 40 by granulomatous inflammation; however, it is not de- 
a layer of epithelial cells on the anterior and equator pendent only on that type of initiation. Granulation 
regions. The zonular lamella forms the outside layer of tissue is where the elaboration of reparative collagen 
the capsule and it is to this layer that the zonule fibers takes place, although collagen is also slowly formed in 
attach and suspend the lens from the ciliary body. The uninjured tissue. The exact reason and mechanism as to 
lens is supported by the ciliary body much in the same 45 why and how cells, whose normal function does not 
way a hammock is hung between two posts. The zonule include fibrin formation, start the wound repair re- 
fibers serve as the ropes and are considered part of the sponse, i.e., fibrin/collagen formation, has yet to be 
ciliary muscle apparatus. The zonule fibers themselves elucidated only the fact that they do is known. The 
are elastic in nature and are capable of stretching and degree of granulation tissue development around pros- 
relaxing in response to ciliary muscle and choroid 50 thetic implants relates to their size and surface charac- 
movement teristics, as well as their degree of chemical inertness. 

The result of the zonule fiber action, when they Large, rough-surfaced implants invoke extensive granu- 

stretch and relax, is to change the curvature of the lens. lation tissue development. 

When the ciliary muscle is relaxed, the zonules are Once secured in the bag, since all the materials are 
under tension. The tension of the zonule fibers pulls the 55 flexible, the prosthesis and its ocular element will 
lens capsule and lens toward their equator so that the change shape in response to the ciliary muscle apparatus 
thickness of the lens is decreased or flattened. When the just as the normal lens does, allowing the optical ele- 
ciliary muscle contracts, the tension on the zonules ment to focus an image through the vitreous chamber 
relaxes. In turn, the tension on the lens capsule and lens and onto the retina in the back of the eye, in a manner 
relaxes. When the zonule fibers relax their tension, the 60 similar to the normal lens of the eye. 
elastic nature of the lens capsule allows the lens to The embodiments and related methodologies de- 
thicken in anterior to posterior diameter. It is through scribed herein in detail for exemplary purposes are of 
the action of the ciliary muscle apparatus, (composed of course subject to many different variations in structure, 
the ciliary muscle), chorid and zonular fibers, changing design, methodology and application. Because many 
the lens shape that the dioptic power of the lens is 65 varying and different embodiments may be made within 
changed. The process by means of which the dioptic the scope of the inventive concepts) herein taught, and 
power of the lens, and therefore the eye, is changed is because many modifications may be made in the em- 
called accommodation. bodiments herein detailed in accordance with the de- 
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scriptrve requirements of the law, it is to be understood 
that the details herein are to be interpreted as illustrative 
and not in a limiting sense. 
What is claimed is: 

1. An accommodating intraocular lens for implanta- 
tion within the capsular bag comprising: 

(a) a rounded, transparent, flexible optic having a 
peripheral edge; 

(b) an annular skirt extending radially from the pe- 
riphery of the optic and generally encircling the 
optic, said skirt being positioned to extend radially 
into the periphery of the capsular bag; and 

(c) the optic and skirt flexing to change the position 
of the optic with respect to the cornea responsive 
to expansion and contraction of the zonules and 
ciliary body as occurs during accommodation; and 

(d) means for forming a connection of tissue ingrowth 
and/or tissue adhesion between the capsular bag 
tissue and the skirt so that the action of the capsular 
bag tissue and the zonules can tension the skirt 
during accommodation, thereby altering the curva- 
ture of the optic. 

2. An accommodating intraocular lens for implanta- 
tion within the capsular bag comprising: 

(a) a rounded, transparent, flexible optic having a 
peripheral edge; 

(b) an annular skirt extending radially from the pe- 
riphery of the optic and generally encircling the 
optic, said skirt being positioned to extend radially 3Q 
into the periphery of the capsular bag; and 

(c) the optic and skirt flexing to change the position 
of the optic with respect to the cornea responsive 
to expansion and contraction of the ciliary body as 
occurs during accommodation; and 

(d) wherein the skirt has a tissue receptive surface 
that allows tissue ingrowth and/or tissue adhesion 
thereto to support the optic in position, so that the 
tissue can tension the skirt during accommodation. 

3. The intraocular lens of claim 1 or 2, wherein the 40 
optic is elastomeric. 

4. The intraocular lens of claim 1 or 2, wherein the 
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8. The intraocular lens of claim 1, wherein said annu- 
lar porous portion is an outer annular porous portion 
that extends radially outward from said skirt and encir- 
cles the exterior periphery of said skirt; 

wherein there is further included an inner, annular, 
porous portion extending radially inward from said 
skirt encircling the inner periphery of said skirt in a 
contacting relationship with the periphery of said 
lens, allowing an interpenetrated bond between 
said lens and said skirt; and 

wherein there is further included an annular, closed, 
pore barrier portion in said skirt between said inner 
and said outer annular porous portions, said pore 
barrier portion having a pore size less than 90 mi- 
crons. 

9. A method of implanting an intraocular prosthesis in 
the eye, comprising the steps of; 

(a) making an incision in the eye; 

(b) removing the natural lens of the eye from the 
capsular bag; 

(c) inserting a flexible optical element into the capsu- 
lar bag, the element having at least one convex 
surface and an annular, flexible, portion extending 
radially outward from the periphery of the ele- 
ment; 

(d) manipulating the optical element and the skirt into 
the capsular bag between the iris and the vitreous 
body wherein the flexibility of the annular skirt 
allows the insertion of the intraocular prosthesis 
into the capsular bag; 

(e) placing the optical element in the capsular bag so 
that the skirt is placed in contact with the internal 
peripheral tissue of the capsular bag; and 

(f) closing the incisions; and 

(g) allowing the surrounding capsular bag internal 
peripheral tissue to form a mechanical attachment 
to the skirt via tissue ingrowth and/or tissue adhe- 
sion sufficient to tension the skirt during accommo- 
dation. 

10. The method of claim 9, further comprising the 
step of allowing the surrounding capsular bag internal 
peripheral tissue to grow into, the skirt. 

11. The method of claim 9, wherein the optical ele- 
ment's flexibility allows alteration of the position or 



intraocular portion of the eye which is removed is the 
lens nucleus and cortex of the eye, wherein said optic is 

a lens having an anterior convex surface separated from 45 shape of the optical element, and wherein there is in- 

a posterior convex surface, and wherein the void is the eluded the step of altering the shape of the optical ele- 

space between the iris and the anterior surface of the m ent during accommodation. 

vitreous body inside the lens capsule which extends 12. The method of claim 11, wherein the step of alter- 
radially toward the ciliary body. ing the position or shape of the optical element includes 
5. The intraocular lens of claim 1 or 2, wherein there 50 the step of focussing an image through the vitreous 



is further provided an outer annular porous portion that 
extends radially outward from said skirt and encircles 
the exterior periphery of said skirt. 

6. The intraocular lens of claim 5, wherein there is 
further included an inner, annular, porous portion ex- 
tending radially inward from said skirt encircling the 
inner periphery of said skirt in a contacting relationship 
with the periphery of said lens, allowing an interpene- 
trated body between said lens and said skirt. 

7. The intraocular lens of claim 6, wherein there is 60 
further included an annular, closed, pore barrier portion 
in said skirt between said inner and said outer annular 
porous portions. 



chamber into the retina of the eye by the altering of the 
position of the optical element. 

13. The method of claim 11, wherein the step of alter- 
ing the position or shape of the optical element includes 

55 the step of focussing an image through the vitreous 
chamber into the retina of the eye by the altering of the 
shape of the optical element. 

14. The method of claim 9, wherein the optic is fluid 
fdled. 

15. The method of claim 9, wherein the flexible opti- 
cal element is comprised of materials of different refrac- 
tive indeces. 

***** 
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